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POSITIVE PRESSURE GAS JACKET 
FOR A NATURAL GAS PIPELINE 

FIELD OF THE INVENTION 

The present invention relates to mefliods and iqiparatus for protecting against the 
influx of air into a pipeUne carrying a combustibie gas under negative pressure, and 
particularly to such methods and apparatus for use m association with a pipeline carrying 
natural gas under negative jnessuie from a natural gas well to a gas compressor. 

BACKGROUND OF THE INVENTION 

Natural gas is commonly found in subsur&ce geological fonnations sudi as deposits 
of granular material (e.g., sand or giavel) or porous rock. Production of natural gas from 
these types of formations ^icaUy involves drilling a weU a desired depth mto the formation, 
installing a casing m the weUboie (to keep the weU bore fiom sloughing and collapsmg), 
perforating tiie casing in tiie production zone (i.e., tiie portion of tiie weU that penetrates the 
gas-bearing formation) so tiut gas can flow into tiie casing, and installing a string of tubing 
mside the casing down to tiie production zone. Gas can tiien be made to flow up to tiie 
suifece tiirougfa a production chamber, which may be eitiier die tubing or tiie annulus 
between the mbmg and tiie casing. The gas flowing up tiie production chamber is conveyed 
tiiKwigh an intake pipelme running fiom tiie wellhead to tiie suction uilet of a wellhead 
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compressor. The compressed gas discharged fiom the compiessor is ih&a conveyed through 
another pipeline to a gc3 processing facility and sales facility as appropriate. 

When natural gas is flowing up a well, formation liquids will tend to be entrained in 
5 the gas stream, in the form of small droplets. As long as tiie gas is flowing yxpvmd at or 
above a critical velocity (the value of which depends on various well-specific Actors), the 
droplets will be lified along with Ae gas to the wellhead. In this situation, the gas velocity 
provictes the means for lifting the liquids, and the well is said U> be producing by "Velocity- 
induced flow'\ Because liquids in the gas stream can cause internal damage to most gas 
10 compressors, a gas-liquid separator is provided in the intake pipdine to remove liquids from 
tibte gas stream before entering the compressor. The liqiuds may be pumped from the 
separator and reintroduced into die gas flow at a point downstream of the compressor, for 
eventual separation at the gas processing facility. Much more commonly, however, the 
liquids are collected in a tank on the well site. 

IS . 

In order to optimize total volumes and rates of gas recoveiy from a gas reservoir, the 
bottomhole flowing pressure should be kept as low as possible. The theoretically ideal case 
would be to have a negative bottomhole flowing pressure so as to ficilitate 100% gas 
recovery from the reservoir, resulting in a final reservoir pressure of zero. In order to reduce 
20 the bottomhole pressure to a negative value, or to a very low positive value, it would be 
necessary to have a negative flowing pressure (i-^-» 1^ atmospheric pressure) in the 
intake pq;>eline. This can be readily accomplished using well-known technology; i.e., by 
providing a wellhead compressor of sufBcient power. 
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However, negative pressure in a natural gas pipeline would present an inherent 
problem, because any leak in the line (e.g.» at pipeline joints) would allow the entiy of air 
into ihs pipeline, because air would naturally flow to the area of lower pressure. This would 

S create a risk of explosion should the air/gas mixture be exposed to a source of ignition. In 
addition to the e^losion risk, enty of air into the pipeline also creates or increases the risk 
of conosion inside the pipeline. For these reasons, the pressure in the intake pipeline is 
typically maintained at a posdtive level (i.e., high^ than atmospheric). Therefore, in the 
event of a leak in the intake pipeline, gas in the pipeline will escape into the atmosphere, 

10 radier than air entering the pipeline. The explosion and corrosion risks are daus minimized or 
eUminated, but in a way that effectively limits die rate at which gas can be produced fix>m the 
welL 

One way of minimizing or eliminating the explosion and conosion risks, while 
15 &cilitadng the use of negative pressures in the intake pipeline, would be to provide an 
oxygen sensor in association with the pipeline. The oxygen sensor would be adapted to detect 
the pi^CTce of oxygen inside the pipeline, and to shut down the compressor iounediately 
upon detection of oxygen. This system thus would more safely &cilitate the use of high 
compressor suction pressures so as to induce negative pressures in die intake pipeline and, 
20 dierefote, to induce negative or low positive bottomhole flowing pressum. However, tiiis 
^stem has an uiherent drawback in that its effectiveness would rely on the proper 
functioning of the oxygen sensor. If die sensor malfimctions, and if the malfunction is not 
detected and remedied in timely £ashion, the risk of explosion and/or corrosion will become 
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manifest once again. This feet highlights an even more significant drawback in that this 
system would not prevent the influx of air into the pipeline in the fiist place, but is merely 
durected to mlti^on in flie evem of that undesirable event. 

For the foregoing reasons, there is a need for an improved method and apparatus for 
minimiang and protecting against the risk of explosion arising fiom die influx of air into a 
pipeline carrying a combustible gas such as natural gas under negative pressure. There is a 
particular need for such methods and apparatus that do not require or rely on the use of 
oxygen sensors or other instruments or devices that are prone to malfunction. Even more 
particuhnly, there is a need for such methods and apparatus that prevent the influx of air into 
the pipeline in the first place. The present mvention is directed to these needs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodunents of the mvention wiU now be descaibed with reference to the 
accompanymg figures, in which numerical references denote like parts, and hi which: 

FIGURE 1 is a schematic diagram of a well producmg natural gas hi accordance with 
prior art mediods and aj^Kiratus. 

FIGURE 2 is a schematic diagram of a weU producmg natural gas ui accordance with 
apreferred embodunent of the method and apparatus of the present invention. 
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FIGURE 3 is a schematic diagram of a well producing natoial gas in accordance vnth 
an alternative embodiment of the method and ^paranis of the present invCTtion. 

BRIEF DESCRIPTION OF THE INVENTION 

5 

In general terms, the present invention provides a method and apparatus whereby the 
intake pipeline running between the production chamber of a natural gas well and the suction 
inlet of an associated wellhead compressor is completely enclosed, in airti^t &shion, within 
a jacket of natural gas under positive pressure higher than atmospheric). Being enclosed 

10 inside this "positive pressure jackef % the intake pipeline is not exposed to the atmosphere at 
anypoint. This aUows gas to be drawn into the compressofdixough the intake pi^^ 
a negative pressure, without risk of air entering the intake pipeline should a leak occur in the 
pipeline. If such a leak occurs, there would merely be a harmless transfer of gas from the 
positive pressure jacket into the intake pipelme. If a leak occurs in the po^tive pressure 

15 jacket^ gas therefiom would escape into the atmosphm, and entry of air into the positive 
pressure jacket would be impossible. 

The inesent invention will be best understood aft^ first reviewing conventional 
mettiods and apparatus for carrying natural gas from a well to a comin:essor. FIG. 1 
20 schematically illustrates a typical natural gas well W configured in accordance with prior art 
methods and apparatus. The well W penetrates a subsurface formation F containing natural 
gas (typically along with water and crude oil in some proportions). The well W is lined with 
a casing 20 which has a number of perforations conceptually illustrated by short lines 22 
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within a production zone (generally corresponding to tlxe portion of the weU pen^rating the 
fonnation F). As conceptuaUy indicated by arrows 24. foimation fluids including gas, oU. 
and water may flow into the well through die perforations 22. A string of tubing 30 extends 
inside the casing 20, terminating at a point within the production zone. The bottom end of 
the tubing 30 is open such that fluids m the wellbore nu^ freely enter the tubhig 30. An 
annulus 32 is fonned between the tiAing 30 and tiie casing 20. 

It should be noted tiiat, to fecilitate illustration and understanding of the invention, the 
Figures are not drawn to scale. The diameter of tiie casing 20 is commonly in the range of 
4.5 to 7 inches, and the diameter of the tubing 30 is commonly in die range of 2.375 to 3.5 
inches, while the weU W typically penetrates hundreds or tiiousands of feet into the ground. 
It should also be noted that excqrt where indicated otherwise, the arrows in the Figures 
denote the durection of flow witiun various conyxments of flie iq)paratus. 

In the well configuration shown in FIG. 1. the tubing 30 serves as the production 
chamber to carry gas from the weU W, under positive pressure, to an above^und intake 
pipeline 40 which m turn cairies tiie gas through a gas-Uquid separator 70 to the suction 
manifold 42S of a gas compressor 42. A downstream pipeline 44 connects at one end to the 
discharge manifold 42D of tiie compressor 42 and continues therefrom to a gas processing 
fedUty (not shown). As schematically mdicated, Uquids 72 separated from flie gas flowmg m 
die mtake pipeUne 40 wiU accumulate m a lower section of die separator 70. In die usual 
case, die Uquids 72 flow from die separator 70 to a storage tank 80 on die wellsite. 
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The present invention miry be best understood fiom refermce to FIG. 2. The 
invention provides for production of gas under negative pressure, in which case the liqiuds 
70 removed from the gas stream by the separator 70 will also be under negative pressure, and 
for Has leason a vacuum pump 74 is provided as shown. The liqiuds 72 flow under negative 
5 pressure through a pump uilet line 78 to the pump 74, which pumps the liquids 72, now 
under positive pressure, through a liquid return Une 76 into the production pipeline 44 at a 
point Z downstream of the compressw 72. Alternatively, the liquicb 72 may be pumped to 
an on-site storage tank 80. 

10 As illustrated in FiG.2, die intake pipeline 40, the separator 70, and the pump inlet 

line 78 are fully enclosed by a vayiour-tight positive pressure jacket 50 tiiat defines a 
continuous internal chamber 52. The positive pressure jacket 50 moII typically be constructed 
of welded steel. However, suitable and well-known alternative materials may be used 
without departing from the fimdamental concept and scope of the present invention. 

15 

A gas recirculation pipeline 60 extends between, and is in fluid comnnmication with, 
the downstream pipeline 44 (at pomt X located between the compressor 42 and point Y) and 
the intake pipeline 40 (at point Y located between the compressor 42 and the separator 70). 

20 By means of die recirculation pipeline 60, a portion of the gas discharged from the 

discharge manifold 42D of the compr^or 42 may be diverted into the positive pressure 
jacket 50, such that the intake pipeline 40, the separator 70, die pump 74, and the pump inlet 
line 78 are entirely enclosed by a "blanket" of gas under positive pressure. The positive 
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pfessure jacket SO thus enshrouds all components of the apparatus containing combustible 
fluids under negative pressure wifli a blanket of gas under positive pressure, Oiereby 
preventing the aitiy of air into the combustible fluids presait in any of those components. 

The embodiment shown in FIG, 2 provides for what may be tenned a "static" 
positive pressure blanket, as the gas inside fbe positive pressure jacket 50 vrill be essentially 
stationary. In an alternative embodiment of the invention, illustrated in FIG. 3, Ae internal 
chamber 52 of the positive pressure jadset 50 is in fluid communication wifli llie aonulus 32 
of the weU W, such that gas fiom the internal chamber SZ of flie positive pressure jacket 50 
can be mjected into the annulus 32. As shown schematicaUy in FIG. 3, a pressure regulator 
valve 54 is provided to regulate the gas pressure inside the positive pressure jacket SO. The 
pressure regulator valve 54 may be set such that it wiU open, thus aUowing gas to enter the 
annulus 32, only when the g^a pressure in flie internal chamber 52 of the positive pressure 
jacket 50 is above a selected value. Under either static conditions (as in FIG. 2) or gas 
injection conditions (as in FIG. 3), internal chamber pressures in the approximate range of 40 
to 50 pounds per square inch are considered desirable. However, higher or lower pressures 
may be used vnOiovt departing from the concept and principles of die present invention. 

As schonatically iUustrated in FIG. 3, a tiuottiing valve (or "choke") 62 optionally ' 
may be provided in association witii tiie recirculation pipeline 60, to r^ate the flow of gas 
from the downstream production pipeline 44 into tiie recirculation pipeline 60 and thence 
into the mtemal chamber 52 of the positive pr«»ire jacket SO and ultimately into tiie well W. 
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Gas injection provides an additional benefit in that it enhances gas production from 
the fonnation F by further reducing bottomhole pressures in the well W. Fonnation 
pressures in virgin gas res^oirs tmd to be relatively high. Theiefoie, upon initial 
completion of a weU, the gas will commonly rise naturally to the sur&ce provided tiiat the 
5 characteristics of the reservoir and the wellbore are suitable to produce stable flow (meaning 
that the gas velocity at all locations in the production chamber remains equal to or gieater 
than the critical velocity - in other words, velocity-induced flow). 

However, as wells penetrate the reservoir and gas reserves are removed, the fonnation 
10 pressure drops continuously, inevitably to a level too low to induce gas velocities high 
enof^ to sustain stable flow. Theteforo, all flowing gas wells producing from reservoirs 
with depleting formation pressure eventually become unstable. Once the gsis velocity has 
become too low to lift liquids, tiie liquids accumulate fai tiie wellbore, and tiie well is said to 
be "Uquid loaded"*. This accumulation of liquids results in increased bottomhole flowing 
15 pressures and reduced gas recovmes. Injection of recirculated gas, as provided for by the 
present invention, can be effective to prevent or alleviate liquid loading, by effectively 
increasing the upward velocity of the gas stream in the production chamber so as to mftigtain 
a gas velocity at or above the critical velocity for the well in question, thus maintaining 
velocity-induced flow. The effectiveness of gas injection for tiiis purpose is described in 
20 further detail in the present Applicant's Canadian Patent Application No. 2,242,745, filed on 
April 9, 2003. 
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Although not illustrated, it will be appreciated that the gas iiyection embodiment 
shown in FIG. 3 can be readily adapted for use in associatioii with a gas well in which the 
annulus 32 serves as the production chamber. In that case, the intake pipeline 40 will be in 
fluid communication with the annulus 32» and the internal chamber 52 of the positive 
5 pressure jacket 50 will be in jQuid communication with the bore of the production tubing 30. 
Accordingly, pressurized gas diverted into tfie internal chamber 52 will be injected into the 
well W through the tubing 30» with the same production-enhancing benefits as described 
previously in connection with embodiments v^erein the tubing 30 serves as the production 
chamber. 
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BoxNo. Vni (iv) DECLARATION: INVENTORSHIP (onfy for the puiposesofthedesigimtionoftihe United States of America) 
The declaration must conforni to the following standardized worduigp^^ see Notes to Boxes Nos. VHI, VIUO)to (v) 

(in general) and the specific Notes to Box No. VIII fiv). IfUiis Box is not used, this sheet should not be included in tlie request 



Declaration of inventorship (Rules 4.17(iv) and 516f5.1(a)(iv)) 
for the purposes of the designation of the United States of America: 

I hereby declare that I believe I am the original, first and sole (if only one inventor is listed below) or joint (if more than one inventor 
is listed below) inventor of the subject matter which is claimed and for which a patent is sought. 

This declaration is directed to the international application of which it forms a part (if filing declaration with application). 

This declaration is directed to international application No. PCT/ (if furnishing declaration pursuant 

to Rule 26ter), 

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name. 

I hereby state that I have reviewed and understand the contents of the above-identified intemational application, including the claims 
of said application. I have identified in the request of said application, in compliance with PCT Rule 4. 1 0, any claim to foreign priority, 
and I have identified below, under the heading "Prior Applications," by application number, country or Member of the World Trade 
Organization, day, month andyear of filing, any application for a patent or inventor's certificate filed in a country other than the United 
States of America, including any PCT intemational application designating at least one country other than the United States of America, 
having a filing date before that of the application on which foreign priority is claimed. 

Prior Applications: . . 

I hereby acknowledge the duty to disclose information that is known by me to be n[iaterial to patentability as defined by 
37 C.F.R. §1.56, including for continuation-in-^art applications, material information which became available between the filing date 
of the prior application and the PCT intemational filing date of the continuation-in-part application. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are pimishable by fine or imprisonment, or both, under Section 1 00 1 of Title 1 8 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Name:.W!LP.^».9^.»?PP 

Residence: .9?l9^'y.^^!berta^CAN^ 

(city and either US state, if applicable, or country) 

Mailing Address: . 9541 .-.21 .StfQQt 5E, .Calgsjy^ Alberts,. CANADA..T2C.4<3.1 



Citizenship: 



Canadian 

Inventor's SigiMfcttSreT^^^^-^J^^ . . . 4<^^r^<ri^^ 
(if not containodjjHtttSrequest, or if declaration is corrected or 
added under Rule 26ter after the filing of the intemational 
application. The signature must be ttiat of tiie inventor, not that of 
the agent) 



. August 2004 



Date: 

(of signature which is not contained in the request, or of the 
declaration that is corrected or added under Rule 26ter after the 
filing of the intemational application) 



Name: 



Residence: 

(city and either US state, if applicable, or country) 



Mailing Address: . 



Citizenship: 



Inventor's Signature: 

(if not contained in the request, or if declaration is corrected or 
added under Rule 26ter after the filing of the intemational 
application. The signature must be that of the inventor, not that of 
the agent) 



Date: 

(of signature which is not contained in the request, or of the 
declaration that is corrected or added under Rule 26ter after the 
filing of the intemational application) 



[~i This declaration is continued on the following sheet, "Continuation of Box No. Vin (iv)". 



Form PCT/RO/101 (declaration sheet (iv)) (January 2004) 
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